Naval Research Laboratory

Washington, DC 20375-5320

NRL/MR/5307--14-9543

Characterization of Sea Clutter
Amplitude and Doppler Bin PDFs

MasouD FARSHCHIAN

Advanced Concepts Group
Radar Division

May 30, 2014

Approved for public release; distribution is unlimited.




REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including
suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway,
Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of
information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE
30-05-2014 Memorandum Report

3. DATES COVERED (From - To)
October 2011 — October 2014

4. TITLE AND SUBTITLE

Characterization of Sea Clutter Amplitude and Doppler Bin PDFs

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER
61153N

6. AUTHOR(S)

Masoud Farshchian

5d. PROJECT NUMBER

5e. TASK NUMBER
EWO021-05-43

5f. WORK UNIT NUMBER
4656

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Naval Research Laboratory
4555 Overlook Avenue, SW
Washington, DC 20375-5320

8. PERFORMING ORGANIZATION REPORT
NUMBER

NRL/MR/5307--14-9543

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Naval Research Laboratory
4555 Overlook Avenue, SW
Washington, DC 20375-5320

10. SPONSOR / MONITOR’S ACRONYM(S)
NRL

11. SPONSOR / MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The document establishes a minimum baseline for reporting the amplitude characterization of sea clutter and its associated parameters. The
document mainly concentrates on distributions with two parameters where the two parameters are generally called the shape and scale parameters.
Matlab code is provided for method of moment and maximum likelihood fits of common sea clutter distributions.

15. SUBJECT TERMS

Radar sea clutter Pareto distribution

Amplitude distribution
16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON

OF ABSTRACT OF PAGES Masoud Farshchian
a. REPORT b. ABSTRACT c. THIS PAGE . 19b. TELEPHONE NUMBER (include area
. . . Unclassified 21
Unclassified Unclassified Unclassified Unlimited code)
Unlimited Unlimited Unlimited e (202) 404-1984
tandard Form ev. 8-

Prescribed by ANSI Std. Z39.18







Characterization of Sea Clutter Amplitude and
Doppler bin PDFs

Contents

02 7= Yol €= o T o T ISR USRS
1.1 Distributions for Sea Clutter Amplitude Characterization ..........ccccceeeecciiiiieee e,
2. MiNIMUM BASEINE ...ttt ettt ettt e s e sbe e e san e e sabeesneeesabeeeabeeesmeeesaneeesnnens
2.1 Input parameters to report (general and minimum baseling) .........ccccccvvevieeiiiiicciie e
2.2 MiNimUuM BaseliNg PrOCESSING ...cciiciieeeiiiiieeciieee e ettt e e eetee e e ete e e e eittee e e sateeessbteeeesseaeeesstaesesseeeeennsens
2.3 Output Parameters (Minimum Base-liN€).........ceeeiiueiiiiiiiie ettt e e e
3. Suggestions Beyond the Minimum Base-liNe .........ceeiiiiiiiiiiiiieie ettt e e e e e e e e e e e e nnrrae s
3.1 Doppler Bin DiStribULION ........ccieii ittt e e e e e e e rrr e e e e e e e st areeeeaeeeeensraeeeeeaesesnnnns
3.2 Other DIiStIIDULIONS ...ooiueieiiiieiiie ettt sb e ettt sat e e s be e e s areesabeesseeesareesareeesnreesneeennnens
Y o 01T o 1 PRSP
4.1 Method Of IMOMENTS....coiuiiiiiieiieteee ettt sttt ettt e sbe e saeesaeesan e s b e e b e e nbeenneesnees
4.2 Maximum LIKEIINOOT. ........ooiiiiieieeeee et st st st
4.3a Fidelity Test 1: Ratio of Theoretical and Observed MoOmMENtS ........cccccuviiieeieee e e,
4.3b Fidelity Test 2: Modified Chi-SQUAre teSt........cccccuiiiiiii e e e e e ee e e e
4.4 Note 0N Matlab Program ...ttt e e e e et e e e e e e e et r e e e e e e e e e e ennaraeaaaaeean
4.4 DistriDUTIONS TABIE ..ottt et et st st b e n e



1.Background

The distribution of the non-coherent and coherent data from the high grazing angle sea clutter
is an important quantity for several reasons including: 1) The general characterization of the sea
clutter distribution for simulation and modeling, 2) Various other Signal Processing algorithms
(e.g. CFAR) can be optimized by knowing the amplitude distribution of sea clutter.

The document establishes a minimum baseline for reporting the amplitude characterization of
sea clutter and its associated parameters. It follows many of the similar data tables that are
reported in [1]. The document mainly concentrates on distributions with two parameters
where the two parameters are generally called the shape and scale parameters. Combinations
of distributions beyond two parameters such as mixture distributions (e.g. K-K, Weibull-
Weibull)[2] [6] and non-mixture distributions beyond two parameters (e.g. KA
distribution)[2][3] are also mentioned. Some of these are tabulated in Table 3-2 and Table 3-3
of the Appendix. It should be noted that not all of these distributions can necessarily be tied to
a phenomenological model.

Matlab code is also provided to estimate the parameters of the distributions listed in this report
with the exception of the K-A and K-K models.

1.1 Distributions for Sea Clutter Amplitude Characterization
A survey of the literature shows that the following distributions have been used most often for
low grazing angle sea clutter [1][2]:

a) K-Distribution (and its variant K+Noise)

b) Log-Normal

c) Weibull

d) Exponential (Intensity form/Envelope”2) - Rayleigh (Envelope form)

There are currently very few reports in the open literature for the amplitude distribution of
high grazing angle data. However beyond the above distributions, the Pareto distribution has
been mentioned in a series of recent papers as fitting experimental high grazing angle data [4].
These four mentioned distributions (in their 1-D form) along with their first two moments are
mentioned in Table 1. It should be noted that the K-Distribution and Pareto Distribution follow
the two scale model of assuming the speckle is Rayleigh with an underlying mean of Gamma
(for K Distribution) and inverse Gamma (for Pareto).
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Besides correct amplitude fit, SET-185 panel members should assess if any other distributions
that they may propose (beyond these) can readily handle spatial and temporal correlations in
their multi-dimensional form. Tables 2 and 3 of the Appendix provide the functional form or
provide references for the K+noise, K-K and K-A distributions.

2. Minimum Baseline

The following section establishes a minimum baseline that can be used to report and compare
amplitude characteristics of sea clutter. Beyond this minimum baseline, usage of other
distributions and techniques to verify accuracy are welcomed (see Section 3). For the
minimum baseline, staring mode and intensity (power) are to be used. In the staring mode,
care should be taken so that the range-cells that are processed have their maximum difference
of grazing angle be less than 0.1 degrees. The following parameters shall be reported:

2.1 Input parameters to report (general and minimum baseline)
e Whether the amplitude Intensity (envelope squared or “power”) or amplitude envelope
is used
0 Note for minimum baseline intensity is to be used.

e |[f the datais calibrated RCS or just relative power.

e Number of samples used

e (Clutter to Noise Ratio (based on the Noise Figure or other calculations)

e Radar range resolution (and type of Waveform — e.g. Chirp or CW or Pulse -- if possible)

e Cross range resolution

e PRF(or CW)

e Radar carrier frequency

e Polarization

e Grazing angle

e Wind direction

e Swell Direction

e Wave Height

e Estimated Sea State (Beaufort or Douglas)

e Geographical area

e Other related sea and weather parameters available (e.g. surface temperature, ducting,
etc.)



2.2 Minimum Baseline Processing
The following parameters and processing should be used for the minimum baseline

e 5% degrees variability for the grazing angle
e 15% degree variability for scanning mode.
¢ Intensity (power) rather than amplitude (voltage) Envelope
e Report CNR
e |deally all available samples will be used for processing as the more samples are used
the lower the false alarm region that can be calculated. However this can be limited by
not having enough samples or not enough computing power to handle all available
samples. Consequently as per 2.1, it is very important to report the number of samples
used for each estimate.
e For K-Distribution, Weibull, Log-Normal , Exponential fits:
0 Use of the first two Moments for the fit [1] (see also Appendix)
e K+Noise
O See [5](9.46]
e Pareto, (in the addition to the above):
0 Maximum likelihood estimate (MLE) (Appendix).

2.3 Output Parameters (Minimum Base-line)
Input parameter (see 2.1) shall be tabulated and the following output shall be generated:

e Tabulated results where the shape Y and mean parameters (see Appendix — Table 1)
are reported for each of the methods mentioned in Section 2.2.
e One Weibull CDF Plots from 0.5 up to a false alarm rate of one in a million.
0 Plot of actual CDF, K1, KN, Log Normal, Weibull, Exponential and Pareto using
with the y-axis topping off at (1-1e-6).
e Validation test for the moments (K1, KN, Log-Normal, Rayleigh, Weibull,Pareto) using
the ratio of theoretical to observed moments (up to the sixth moment [6])
e Tabulated results of the Modified Chi-Square test for all distributions (see appendix)
e Maximum Deviation (Psuedo K-S Test)



3. Suggestions Beyond the Minimum Base-line

3.1 Doppler Bin Distribution

Similar to the amplitude, the distribution at a frequency bin is of interest for coherent clutter
generation. One can take FFT of varying lengths over a range cell time-series as explained in
[5]. However this is optional data reporting t is beyond the minimum baseline, but highly
encouraged. The method of spectrum estimation (e.g. window, overlap and size of samples)
should be carefully reported.

3.2 Other Distributions

Distributions that take noise into account as well as distributions with more than two
parameters have also been proposed. Some of these are mentioned in Table 2 and Table 3 in
the Appendix. Note these are just a small example of distributions in the literature and results
for any other distribution beyond the minimum baseline and the table (e.g. Pareto+Noise) is
encouraged.



4. Appendix

4.1 Method of Moments

The method of moments (MM) and the maximum likelihood estimate (MLE) are two common
methods for assessing the distribution fit. The MM for each of the four two parameter
distributions is given in Table I. Here y is the shape factor and p is the scale factor.

The MM estimate of the nth moment of the intensity (z(i) where i is the ith sample) is:

Ny
1
EG™) ~ N—Z 2()"
Si=1

4.2 Maximum Likelihood

The Maximum Likelihood estimate [6] is another estimator for the parameters of sea clutter. It
usually requires more sample data than the method of moments for correct convergence. The
Weibull and Log-Normal have closed for solutions for the maximum likelihood estimate where-
as the Pareto distribution requires a numerical algorithm that is described in [7] and used in

Matlab. The following Matlab routines using the statistical toolbox obtain the MLE parameters.

Exponential:

parmhat = expfit(data)
Log-Normal:

parmhat = lognfit(data)
Pareto:

parmhat = gpfit(X)
Weibul:

parmhat = wblfit(data)

Example:
Generate 100 Weibull sample points with scale parameter 0.5 and shape parameter 0.8
data = wblrnd(0.5,0.8,100,1);
Use MLE:
[parmhat, parmci] = wblfit(data)
parmhat =
0.5861 0.8567



4.3a Fidelity Test 1: Ratio of Theoretical and Observed Moments

From [1,Section 3.2.2 pg 25 ]: To provide a comparison of the different non-Rayleigh sea clutter
models that have been applied to the collected data, the ratio of the theoretical to the
observed sample moments for each combination of the parameter estimation and model
considered were calculated and compared [1]. See [1] for a clean way of tabulating this result.

4.3b Fidelity Test 2: Modified Chi-square test

See [1, Section 3.2.3 — pg 26 and also the references there in to Chan’s work] and also [8] for
full description. The modified Chi-Square test can be performed by the following equation:

N = 0. 1]

f -
Z[ N*Ol

Where f(i) is the observed number of clutter samples having amplitude within the ith interval,
N is the total number of amplitude samples forming the histogram, and (N/K) is the expected
number of occurrences in each interval of the statistical model used. “This is equivalent to
assigning a zero weighting in the amplitude region where the Pfa is greater than 0.1 and a
uniform weighting in each of the K intervals.”[7,8] .

4.4 Note on Matlab Program

Matlab program to calculate the parameters for the Weibull, Log-Normal, K, Exponential and Pareto
using the maximum likelihood and methods of moments is provided at the end of this report. In
addition, the Modified Chi-square Test and Ratio of Theoretical to Observed moments are calculated in
the program.



4.4 Distributions Table

Table 1:
Distribution PDF-P(z) E(z™)
Log-Normal 1 ( (In(z) — u)2> < N y2n2>
exp| — exp | nu
Z+/ 2T0Y? 2y? 2
K 2uly+ /25 (y=1)/2 I'(y +n)
K,_1(2+/ 1z nl———
C(y) r-1(2uz) )
Weibull Y (Z)Y—l ( [(Z)]V) Y°T'(1 + n/p)
tl 2 & _
Pareto YH n!'u
———— (See Also Matlab Code)
Gt G-DG-D-G-n
Exponential (1) (—Z) n!y"
Y Y
Table 2 — Distributions with Noise taken into account
PDF P(z) Number of Parameters
K+Noise o l,lyZY_l exp(ux) —7 Three (one for noise power B,)
J exp ( ) dr | SeeA.182 [5] for MoM.
o TI'(y) x+P, X+ P,
KK+Noise See [6] Seven (reduced by some
parameters being equal)
Table 3 — Distributions with more than two parameters
PDF P(r) Number of
Parameters
K-K aP(r) + (1 — a)P(1) Five
where P(r) is given above for the K [2] [6]
K-A See [2] and [3] Five (reduced by some

parameters being equal)
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6. Accompanying Matlab Program

%%Matlab Program to estimate parameters of the distributions
%%See accompanying word document

%%

%%

%%

clear all

%Format LONGENG

format short

%% generate K and K plus noise data

%
speckle=randn(100000,10)+sqrt(-1)*randn(100000,10);
speckle_power=mean(mean((abs(speckle)).”2));
speckle=sqrt(1/speckle_power)*speckle;

% %speckle_power=mean(mean((abs(speckle)) ."2))

%

%

scale=1; %%scale= shape/mean_powere, texture power= shape/scale
shape=2;

texture = gamrnd(shape,scale,[100000,10]);
texture_power=mean(mean((abs(texture))));

%

noise_to_clutter_ratio=0.2;
noise=(randn(100000,10)+sqrt(-1)*randn(100000,10));
pn=mean(mean((abs(noise))."2));
noise=sqgrt(noise_to_clutter_ratio*texture_power/pn)*noise;
pn=mean(mean((abs(noise))."2));

%

%

data=speckle.*sqgrt(texture); %for K

data=data+noise; %for K+Noise - comment out for K

% %data_power=mean(mean((abs(data)).”2))

%

% %data_power=mean(mean((abs(data)).”2))
data=data.”2; %%change from amplitude to power
%

%%

%%

%generate Weibull data
%data=wblrnd(1,2,1,1e6);
%%

%%
%generate lognormal data



%data=lognrnd(.1,.4,1,1e5);

%%generate Pareto data
%data=gprnd(-.3,1,0,1,1e5);

%%

%generate exponential
%data=exprnd(.5,1,1e5);
%%

%%

%%Reshape Data as a Single Vector and obtain its CDF
data=abs(reshape(data ,1,numel(data)));
EnvData=sqrt(data);
LB=10*logl0(min(min(abs(data))));
UP=10*l1ogl0(max(max(abs(data))));
z=LB:.01:UP;

z=10.~(z/10);

Fhist=hist(data,z);
Fcdf=cumsum(Fhist./sum(Fhist));
Fcdf(end)=1;

%%

%%

%Modified Chi Square Parameters

K=10; % levels

prob_start=.1; %note chan"s test starts with 0.1
cd_prob_start=1-prob_start;
eqg_int=cd_prob_start:((1-cd_prob_start)/(K)):1; %equal probability %
modified Chi-Square test

%%

%%get moms for intensity (proprotional to RCS)%%
mom1l=1/(numel (data))*sum(data);

mom2=1/(numel (data))*sum(data.”2);

mom3=1/(numel (data))*sum(data.”"3);

mom4=1/(numel (data))*sum(data.”4);

mom5=1/(numel (data))*sum(data.”5);

mom6=1/(numel (data))*sum(data.”6);

moms=[moml mom2 mom3 mom4 mom5 mom6];

%%

%%

%Envelope=sqrt(data);

%Emom1=1/(numel (data))*sum(Envelope);
%Emom2=1/(numel (data))*sum(Envelope."2);
%Emom3=1/(numel (data))*sum(Envelope."3);
%Emom4=1/(numel (data))*sum(Envelope."4);
%Emom5=1/(numel (data))*sum(Envelope ."5);
%Emom6=1/(numel (data))*sum(Envelope ."6);
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%Emoms=[Emom1l Emom2 Emom3 Emom4 Emom5 Emom6];
%%

%%Weibul I Mom%%

v=0:.0001:10; % note v=2 is Rayleigh and below two is Spiky
val=abs((1./(gamma(l./v+1) .~2)).*gamma(2./v+1)-mom2/(momi~N2));
[a,b]=min(val);

v=v(b);

u=moml/gamma(1/v+1);

%MLE alternative
%[u_v] = wblfit(data);
%u=u_v(1), v=u_v(2);

%CDF
CDFestimatedW=wblcdf(z,u,Vv);

%Ratio of theortetical to actual moments

n=1:6;

T™_Weibull=u.~(n) .*gamma(n/v+1); %theoretical moments Weibull
MoMratio_Weibull=[TM_Weibull./moms];

%%Modified Chi Square Test

int = wblinv(eq_int,u,v);

[fi]=histc(data,int);

fi(end)=[1;

N=numel (data);

%WbIChiSqr=sum((Fi-N/K).~2/(N/K)); Chi-Square
wbImodChi=sum((fi-(prob_start)*N/K)._.~2/((prob_start)*N/K));

%

%%

%%Lognormal MOM%%

%%MoM
u=log(mom2)-4*log(mom1))/(-2);
v=sqrt((log(mom2)-2*u)/2); %sigma..
wblpram=[u v];

%MLE alternative

%[u_v] = lognfit(data);
%u=u_v(1), v=u_v(2);

%CDF
CDFestimatedL=logncdf(z,u,Vv);
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%Ratio of theoeretical to actual moments
n=1:6;

TM_logn=exp(n*u+n."2*v"2/2);
MoMratio_logn=[TM_logn./moms];

%%Modified Chi Square Test

int = logninv(eqg_int,u,v);

[fi]=histc(data,int);

fi(end)=[1;

N=numel (data);

%lognChiSqgr=sum((Ffi-N/K).~2/(N/K)); Chi-Square
lognmodChi=sum((fi-(prob_start)*N/K) .~2/((prob_start)*N/K));

%%

%%Exponential MOM
%%

%method of moments
u=moml;

expparm=u;

%MLE alternative
%[u] = expfit(data);

CDFestimatedE=expcdf(z,u);

n=1:6;

TM_exp=u.”n.*factorial(n);

MoMratio_exp=[TM_exp./moms];

int = expinv(eq_int,u,v);

[fi]=histc(data,int);

fi(end)=[];

N=numel (data);

%lognChiSqr=sum((fi-N/K) .~2/(N/K)); Chi-Square
expmodChi=sum((Fi-(prob_start)*N/K) ."~2/((prob_start)*N/K));

%

%

%%

%%Pareto Fit %%
P=gpfit(data);

CDFestimatedP = gpcdf(z,P(1),P(2));

int = gpinv(eq_int,P(1),P(2));

[fi]=histc(data,int);

fi(end)=[];

N=numel (data) ;

%lognChiSqr=sum((fi-N/K).~2/(N/K)); Chi-Square
ParmodChi=sum((Fi-(prob_start)*N/K) ."2/((prob_start)*N/K));

% 1 like this form better for the PDF P(z)=a*b™a/(b+z)~(a+l) but Matlab uses
this form 1/alpha*(1+k*x/alpha)”(-1-1/k)

u=P(2)/P(1);

v=1/P(1);

parparm=[u v];

12



%Calculate theoretical ratio of moments - could probably write it as a
%gamma function ratio with negative argument..brute forcing it..
TM_Pareto(1)=factorial (1)*u/(v-1);

TM_Pareto(2)=factorial (2)*(u"2)/((v-1)*(v-2));

TM_Pareto(3)=Ffactorial (3)*(u"3)/((v-1)*(v-2)*(v-3));
TM_Pareto(4)=Ffactorial (4)*(u™)/((v-1)*(v-2)*(v-3)*(v-4));
TM_Pareto(5)=factorial (5)*(u"5)/((v-1D)*(v-2)*(v-3)*(v-4)*(v-5));
TM_Pareto(6)=Ffactorial (6)*(u"6)/((v-1)*(v-2)*(v-3)*(v-4)*(v-5)*(v-6));

MoMratio_Pareto=[TM_Pareto./moms];

%%
%K-1 Distribution MoM
% uses first and second moment of intensity

v=2*mom1°2/ (mom2-2*mom1n2) ;
u=v/moml;
Kparm=[u v];

CDFestimatedK1=1-(2/gamma(v))*u™(v/2)*((2) -~(v/2)) - *besselk(v,2*sgrt(z*u));
n=1:6;

TM_Kl1=factorial (n).*gamma(v+n)./(u.~n*gamma(v)); %4.28a WTW and
[E[z]=[E(env"2)]]

MoMratio K1=[TM_K1./moms];

t=0:1e-3:z(end);
CDFK1=1-(2/gamma(Vv))*u(v/2)*((t) -~(v/2)) - *besselk(v,2*sqgrt(t*u));

for i=1:numel(eq_int)
[a,b]=min(abs(CDFK1l-eq_int(i)));
int(i)=t(b);

end

int(end)=Inf;

[fi]=histc(data,int);

fi(end)=[];

N=numel (data) ;

%lognChiSqr=sum((fi-N/K) .~2/(N/K)); Chi-Square
KimodChi=sum((fi-(prob_start)*N/K) ."2/((prob_start)*N/K));

%%

%%K+N noise

%% Note for K+N, a subroutine calc_KDF_int is called which is not included.
%% One can remove the K+N portion if they do not have calc KDF int

%% Two methods are provided. One if the noise power is known. The other
without the noise power.

%Part 1 - Estimate CDF based on

%method 1 (based on 9.44 and 9.46 we have assumed the moments contain both
%noise and clutter. And Pn (the noise power) is known.
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%pn=_.1;

%v=2*(moml-pn) .~2/(mom2-2*moml”"2) ;
%u=v/(moml-pn);

%pc=moml-pn;

%pc=v/u;

%%

%Part Il - Estimate CCDF on Equation .9.49

%method 2 (based on..Equation 9.49)
v=(18*(mom2-2*(mom172))"3)/((12*mom1”3-9*moml*mom2+mom3)"2) ;
pn=mom1-(v/2*(mom2-2*mom1°2))"(.5);

u=v/(moml-pn);

pc=moml-pn;

%%

KNparm=[u v pn];

%% get CDF

clear CDFestimatedKN;

for kk=1:numel(z)

CDFestimatedKN(kk) = calc_KDF_int(z(kk), pc, pn,v, 1, "cdf");
end

%%

%Part 11l - Modified Chi Square test
t=0:1e-2:z(end);

clear CDFKN;

for kk=1:numel(t)

CDFKN(kk) = calc_KDF_int(t(kk), pc, pn,v, 1, “cdf");
end

for i=1:numel(eq_int)
[a,b]=min(abs(CDFKN-eq_int(i)));
int(i)=t(b);

end

int(end)=Inf;

[fi]=histc(data,int);

fi(end)=[1;

N=numel (data);

%lognChiSgr=sum((fi-N/K).~2/(N/K)); Chi-Square
KNmodChi=sum((fi-(prob_start)*N/K) .~2/((prob_start)*N/K));

%pn=5;

WPart 1V

%calculate theoretical moments

TM_KN=zeros(1,6); %(based on Equation A1.182) alternatively one can use
% the new values of u and v as below

for n=1:6
for g=0:n
if n==q
valmoms=1;
else
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valmoms=moms(n-q);
end

TM_KN(n)=TM_KN(n)+(-
D g*(pn~g)*valmoms*((Factorial (n))"2)*1/(Ffactorial (q)*((Factorial(n-q))"2));

end
end

MoMratio KN=[TM_KN./moms];
%%

%% Figures - Method of Moments for everyone but Pareto (MLE)
figure

plot(z,log(log(1./(1-Fcdf))), "b-");

hold on

grid on

%plot(10*10gl0(z),log(log(l./(1-FCDFestimatedW))), "r:");

plot(z,log(log(1./(1-CDFestimatedW))), r-");
plot(z,log(log(l./(1-CDFestimatedL))), "g-.");

plot(z,log(log(l./(1-CDFestimatedE))), "k:");

plot(z,log(log(1./(1-CDFestimatedK1l))),"b--");
plot(z,log(log(1l./(1-CDFestimatedKN))), " m--");

plot(z,log(log(l./(1-CDFestimatedP))), "k-");

legend("CDF*","Wbl*","Log", "Exp®, "K1", "KN", "Pareto”, "location”, "SouthEast*®)

p = [0.05 0.10 0.25 0.5,0.75 0.90 0.96 0.99 0.999 0.9999 0.99999
0.999999] ;

label= str2mat("0.05",70.10","0.25","0.50","0.75",70.90","0.96","0.99",
"0.9997,70.9999%,"0.99999","0.999999");

tick = log(log(1./(1-p)));

ax=axis;
ax(3)=tick(1);
ax(4)=tick(end);
axis(ax);
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set(gca, "YTickLabel ", label)

set(gca, "yTick",tick)

%xlabel ("Envelope in dB®)

xlabel (*\lambda-proportional to RCS*, "fontsize",12)
ylabel ("CDF", "fontsize",12)

title("CDF distribution fit")

%%

%% Figures - Method of Moments for everyone but Pareto (MLE) (closer look)
figure

plot(z,log(log(1./(1-Fcdf))), "b-");

hold on

grid on

%plot(10*10gl0(z),log(log(l./(1-FCDFestimatedW))), r:");

plot(z,log(log(l./(1-CDFestimatedW))),"r-");
plot(z, log(log(1./(1-CDFestimatedL))), g--");

plot(z,log(log(l./(1-CDFestimatedE))), "k:");

plot(z,log(log(1./(1-CDFestimatedK1))),"b--");
plot(z,log(log(1./(1-CDFestimatedKN))), "m--");

plot(z,log(log(1./(1-CDFestimatedP))), "k-");

legend("CDF*","Wbl*","Log", "Exp®, "K1", "KN", "Pareto”, "location”, "SouthEast*®)

[a,b1]=min(abs(Fcdf-.9));
[a,b2]=min(abs(Fcdf-.9999999));

p = [0.90 0.96 0.99 0.999 0.9999 0.99999 0.999999];

label= str2mat("0.90","0.96",70.99", "0.999",70.9999",70.99999","0.999999%);

tick = log(log(1.7(1-p)));

ax=axis;

ax()=z(bl);

ax(2)=z(b2);

ax(3)=tick(1);
ax(4)=tick(end);

axis(ax);

set(gca, "YTickLabel ", label)
set(gca, "yTick",tick)
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%xlabel ("Envelope in dB*")
xlabel (*\lambda“, "fontsize",12)
ylabel ("CDF*, "fontsize",12)
title("CDF distribution Fit")
%%

figure

hold on

plot(1l:6,MoMratio Weibull,"r-");
plot(l:6,MoMratio_logn,“"g-.");
plot(1:6,MoMratio_exp, "k:");
plot(1:6,MoMratio_K1,"b--");
plot(1l:6,MoMratio KN, "m--7)
plot(l:6,MoMratio_Pareto, "k-")

legend("Wbl*","Log", "Exp®, "K1", "KN","Pareto”)
title("Ratio of theoretical to actual moments®)
grid on;

ax(1)=1;

ax(2)=6;

ax(3)=-3;

ax(4)=10;

axis(ax);

xlabel ("moment number®)

ylabel("ratio®)
label=str2mat("1","2","3",74",°5",76");
tick=1:6;

set(gca, "XTickLabel ", label)

set(gca, "XTick",tick)

%%

% Maximum Deviation test below false-alarm of le-2
% With independent data from the estimate, it could be used as a K-S test
figure

[a,b]=min(abs(abs(1-Fcdf)-1e-2));
Wbl_KS=max(abs(Fcdf(b:end)-CDFestimatedW(b:end)));
logn_KS=max(abs(Fcdf(b:end)-CDFestimatedL(b:end)));
E_KS=max(abs(Fcdf(b:end)-CDFestimatedE(b:end)));
K1_KS=max(abs(Fcdf(b:end)-CDFestimatedK1l(b:end)));
KN_KS=max(abs(Fcdf(b:end)-CDFestimatedKN(b:end)));
P_KS=max(abs(Fcdf(b:end)-CDFestimatedP(b:end)));

MDtest=([Wbl_KS, logn_KS, E_KS, K1_KS, KN_KS, P_KS]):

stem(1:6,MDtest);
ax=axis;
ax(1)=-1;
ax(2)=7;
axis(ax);
hold on
labell=["Wbl
label2=["Log
label3=["Exp"];

°1;
°1;
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label4=["K1 "];
label5=["KN "];
label6=["Par-];

label=[labell;label2;1abel3;label4;label5;1abel6];

tick=1:6;;

set(gca, "XTickLabel ", label)

set(gca, "XTick",tick)

grid on;

xlabel ("Distribution Fit")

ylabel ("Maximum Deviation in CDF%)

title("Maximum Deviation test below a false alarm rate of le-2°%)

%%

%Modified Chi-Square test below false-alarm of 0.1
figure
ModChi_test=([wbImodChi lognmodChi expmodChi KlimodChi KNmodChi ParmodChi]);

stem(1:6,ModChi_test);
ax=axis;
ax(1)=0;
ax(2)=7;
ax(3)=0;
ax(4)=1e4;
axis(ax);

hold on
labell=["WblI"];
label2=["Log"];
label3=["Exp-];
label4=["K1 "];
label5=["KN"];
label6=["Par-];

%label=[labell;label2;1abel3;label4;label5;1abel6];
tick=1:6;;

set(gca, "XTickLabel ", label)

set(gca, "XTick",tick)

grid on;

xlabel ("Distribution Fit")

ylabel("Modified Chi-Square Value®)

title("Chi-Square test below a false alarm rate of 0.1%)
%%
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